A cost effective solar powered led street light by Wong, Frederick Tsun Kiong
A COST EFFECTIVE SOLAR POWERED LED STREET LIGHT 
 
 
 
 
FREDERICK WONG TSUN KIONG 
 
 
 
 
A project report submitted in partial 
fulfillment of the requirement for the award of the 
Degree of Master of Electrical Engineering 
 
 
 
 
 
 
 
Faculty of Electrical and Electronic Engineering 
Universiti Tun Hussein Onn Malaysia 
 
 
 
 
 
 
 
JULY 2014 


ABSTRACT 
 
 
  
A cost effective solar powered LED street light was designed based on the current solar 
powered street light installed at Masjid Nurul Huda, Kampung Gentisan, Sepanggar, 
Sabah, Malaysia.  A new load profile is obtained based on a thirty day data collection at 
site utilizing motion sensor to record movement at the area. A proposed algorithm to 
control the LED light intensity was presented. The new load profile was processed based 
on the proposed algorithm. Simulation to design a new solar powered LED street light 
was done using the new load profile. The design uses 180W Solar Panel, with 8 x 6V 
(10Ah) batteries. The system has the design capability to last for 38.6 hours. Results are 
compared with existing solar powered LED street light and also existing mercury vapor 
street light. An economic analysis for 25 years is also performed to determine the cost 
effectiveness of the new system where the Life Cycle Cost is found to be RM 11,143.00 
compared to the existing conventional design of RM 13,626.00 which is equivalent to 
18.22% of cost savings. 
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ABSTRAK 
 
 
 
Satu sistem lampu jalan LED yang berkuasakan solar yang kos efektif telah direka 
berdasarkan lampu jalan LED berkuasa solar yang telah dipasang di Masjid Nurul Huda, 
Kampung Gentisan, Sepanggar, Sabah, Malaysia. Profil beban baru diperolehi 
berdasarkan pengumpulan data selama tiga puluh hari di tapak menggunakan sensor 
gerakan untuk merakam pergerakan di kawasan itu. Satu algoritma dicadangkan untuk 
mengawal keamatan cahaya LED telah dibentangkan. Profil beban baru telah diproses 
berdasarkan algoritma yang dicadangkan. Simulasi untuk reka bentuk solar lampu jalan 
LED baru telah dilakukan dengan menggunakan profil beban baru. Reka bentuk ini 
menggunakan 180W Panel Solar, dengan 8 x 6V (10Ah) bateri. Sistem ini mempunyai 
keupayaan reka bentuk untuk bertahan selama 38.2 jam. Keputusan dibandingkan 
dengan solar lampu jalan LED sedia ada dan lampu jalan yang menggunakan lampu wap 
raksa yang telah sedia dipasang. Analisis ekonomi juga dilakukan untuk menentukan 
keberkesanan kos sistem baru dimana kos kitaran hayat ialah RM 11,143.00 berbanding 
sistem sedia ada iaitu RM 13,626.00 yang bersamaan 18.22% penjimatan kos. 
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CHAPTER 1 
 
 
 
INTRODUCTION  
 
 
 
1.1 Project background 
 
Recent advances in LED lighting have brought very promising opportunities for 
application in street lighting. Combining LED’s low power, high illumination 
characteristics with current photovoltaic (PV) technology, PV powered street light 
utilising LED has become a norm in many places [1][2].  
Compugates Sabah Sdn Bhd, a company that specializes in design, 
installation and maintenance of solar power systems in Sabah, had successfully 
installed 30 standalone street light utilising PV and LED for Dewan Bandaraya Kota 
Kinabalu (DBKK) as part of its pilot project to implement green initiative in its area 
of governance. These street lights are located at the outskirts of the city for the 
society such as balairayas, mosques and churches. These street lights are designed to 
operate in such away it will work on a timer basis from 6pm – 6am (12 hours) daily. 
Even though utilising LED in street lights have minimised the energy load, 
which has contributed in minimizing the size of PV and batteries, there are other 
ways to make the system more energy-efficient, which further reduces sizing and 
cost.  
Studies have shown utilising sensors and also varying the LED’s 
illumination, the system can be more energy-efficient [14]. In this study, a motion 
sensor is used to capture the movement around an installed Solar Powered Street 
Light at Kampung Gentisan’s Masjid, ie Masjid Nurul Huda for 30 days (date – 
date). The LED’s light intensity is varied based on the movements captured by the 
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motion sensor. When there is movement, the LED’s light intensity will be 100% for 
a specific period. When there is no movement, the LED’s light intensity will be 
around 70%.  
With the motion sensor data that is captured, an algorithm can be used to 
manage the LED’s light intensity percentage and its period. The algorithm will also 
determine the new energy load that the LED requires for the particular system for the 
area mentioned. This new energy load is used to design a new Solar Street Light 
System. The design is simulated using HOMER software. With this, a smaller size of 
PV and battery could be used, thus reducing the cost further, and a more energy-
efficient system is achieved.  
 
1.2 Problem statements 
 
Current practice of Solar Powered LED Street Lights is still considered NOT energy-
efficient and cost effective. This will lead to increase of cost on all aspects mainly 
PV and battery. In addition, the structure to hold the LED lamps is affected due to 
the size and weight of the system on the structure. 
Utilising sensing devices, one can reduce the solar power system sizing thus 
minimizing power losses between generation and load demand. Cost saving is 
achieved with a smaller system size and less complicated structure to mount the 
system. It is hoped with this study, more and more LED based solar street light will 
be installed by DBKK in Kota Kinabalu as to decrease the cost of operation DBKK 
has to incur every month. 
As this study is only done at Kampung Gentisan’s Masjid, the data will not be 
suitable for design at other location. 
 
1.3 Project objectives 
 
The major objective of this research is to design a solar powered LED street light that 
is energy efficient using motion sensor to measure the appropriate amount of load 
demand required. 
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Its measurable objectives are as follows: 
(i) To determine the load demand of the system by using motion sensor and 
appropriate algorithm to control the light intensity of the LED lamp. 
(ii) To carry out design of the new solar powered LED street light using the new 
load pattern data that maximizes energy saving and the system’s energy-
efficiency. 
(iii) To carry out cost analysis using HOMER software and comparing the results 
with the conventional design. 
 
1.4 Project scopes 
 
This project is primarily concerned with the energy efficient for an LED based Solar 
Street Light at Masjid Nurul Huda, Kampung Gentisan. 
The scopes of this project are: 
(i) Record the motion sensor data 
(ii) Design new Solar Powered LED street light using HOMER software 
 
 
Figure 1.1: Kg. Gentisan, Solar Powered Street Light for Masjid 
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1.5 Report structure 
 
This chapter introduces the background, problem statements, objectives and scopes 
of the project. In Chapter 2, the theories on solar panel, battery, LED lamp and 
charge controller is presented. Lighting measurement theory is also established 
which is used during the simulation and results. Description of previous methods as 
well as introduction on HOMER Energy is presented. 
 The methodology for this project is discussed in Chapter 3, where the process 
of the design of the cost effective solar powered LED street light system is presented. 
Other than that, the method of determining the load pattern as well as the proposed 
algorithm used for the LED lamp controller is discussed. The processed load pattern 
using the proposed algorithm is also shown. 
 Chapter 4 shows the data analysis as well as the results of the simulation. The 
new load pattern obtained from the previous chapter is used in HOMER Energy 
software to simulate the solar power LED street light. Components specifications 
such as solar panel, battery, load pattern (LED lamp), and pricing were set in 
HOMER software. Results including cost analysis of the cost effective design 
simulation is shown. 
 Discussion on the results of the simulation is discussed in Chapter 5, where 
comparison between the new cost effective design and the existing conventional 
solar powered LED street light. Other than that, comparison between the new cost 
effective design and the existing conventional mercury vapour street light connected 
to the grid used by DBKK is also discussed. Cost effectiveness of the new design 
discussed. Lastly, in Chapter 6, conclusion of the report is presented as well as future 
recommendation is discussed and proposed as a way to improve the design of this 
system. 
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CHAPTER 2 
 
 
 
LITERATURE REVIEW  
 
 
 
2.1 Introduction 
 
The use of Solar Powered LED Street Lights has become an interesting topic of 
research as well as application in the commercial world. In today’s application, most 
of the common High Intensity Discharge (HID) lamps, often High Pressure Sodium 
(HPS) lamps are being replaced by more low powered Light Emitting Diode (LED) 
lamps. 
A basic solar powered LED street light system components are: 
(i) Solar Panel 
(ii) Lighting Fixture – LED lamp 
(iii) Rechargeable Battery 
(iv) Controller 
(v) Pole 
 
The Solar Panel will provide electricity to charge the battery during day time. 
The battery’s charging is controlled by a charge controller. The operation of the LED 
bulb is controlled by a control circuit either by using sensors such as Light 
Dependent Resistor (LDR). All these components will be fixed on a pole as shown in 
Figure 2.1. The solar panel is mounted at the top of the pole to minimize the 
possibility of any shading on the panels. 
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Figure 2.1: Structural schematic of Solar Powered LED Street Light System [1] 
 
2.2 Theories  
 
In this section, theories on solar panel, battery, LED and charge controller is 
discussed as these are the main components of the solar powered LED street light 
system. 
 
2.2.1 Solar panel 
 
A Solar Panel is basically a module that converts light energy (photons) from the sun 
to generate electricity in DC form. There are two types of solar panels, mainly 
crystalline and thin-film types. 
There are two types of crystalline solar panels (see Figure 2.2 a & b): 
(i) Poly-crystalline Solar Panel 
(ii) Mono-crystalline Solar Panel 
 
As for Thin-film types, there are (see Figure 2.2 c): 
(i) Amorphous Silicon (a-Si) 
(ii) Cadmium Teluride (Cd-Te) 
(iii) Copper Indium Gallium Selenide (CIGS) 
(iv) Dye-Sensitized Solar Cell (DSC) 
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a) Mono-crystalline Panel b) Poly-cystalline Panel c) Thin-film Panel 
 
Figure 2.2: Types of Solar Panels 
 
Crystalline based solar panels are commonly used due to its maturity in terms 
of its technology and price. Even though poly-crystalline solar panels are cheaper 
compared to Mono-crystalline solar panels, Mono-crystalline panels are preferred in 
Street lights applications because its smaller compared to poly-crystalline due to its 
higher efficiency, making the design for the pole to be easier and cheaper too. 
Figure 2.3 shows the equivalent circuit of a solar panel, where it shows the 
diode and ground leakage currents. 
Figure 2.3: Equivalent Circuit of Solar Panel [4] 
 
The I-V curve for a Solar panel is shown in Figure . Here it can be seen as the 
sunlight is shining on the panel, current and voltage is produced at the p-n junction of 
the solar cells. Since power is the product of its current and voltage, the maximum 
power is achieved at the knee of the curve as shown in Figure 2.4 a). Sunlight 
intensity affects the I-V curve where, as the sunlight intensity increases, the current 
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and voltage increases, making the power output higher. As the sunlight intensity 
decreases, the current and voltage decreases, producing less power. This is shown in 
Figure 2.4 b) 
 
 
 
 
Figure 2.4: a) I-V Curve of a Solar Panel [4] b) How Intensity of Sunlight affects the 
I-V curve [4] 
 
 
2.2.2 Battery 
 
Batteries are used to store the electricity generated by the solar panel. During the 
day, electricity generated by the solar panels are supplied to the battery and/or the 
load. When the load demand is higher than the energy received from the solar panels, 
these batteries will provide stable energy to the load. 
There are a few types of rechargeable batteries, which are: 
(i) Lead-Acid (LA) Battery 
These batteries are the most commonly used in solar powered systems due to 
its maturity in technology and low pricing. They can only be used with low 
Depth of Discharge (DOD) in order to extend its lifespan. Its DOD ranges 
from 20%-50%. There are two types of Lead-Acid batteries, ie flooded and 
Valve Regulated Lead Acid (VRLA) batteries which are maintenance free 
batteries. 
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(ii) Nickel-Cadmium (Ni-Cad) Battery 
Nickel-Cadmium (Ni-Cad) batteries are expensive and disposing of Cadmium 
are hazardous. Even though they have several advantages over Lead-Acid 
batteries, such as longer life span, and tolerance for higher discharge, Ni-Cd 
batteries is not commonly used in solar powered systems due to its high cost 
and limited availability. 
 
(iii) Lithium-Ion (LI) or Lithium-Polymer (LP) Battery 
Lithium based batteries are considered the future of batteries used in solar 
powered systems. This is due to a number of factors such as high specific 
energy, high DOD percentage, and higher number of charging cycles. 
However, due to its higher cost compared to LA type of batteries, they are 
still not a preferred choice. 
 
 
Figure 2.5: Comparison of Different Battery Technologies [5] 
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a) Lead Acid Battery b) Ni-Cd Battery c) Lithium-ion Battery 
 
Figure 2.6: Types of Batteries for Solar Power Application 
 
2.2.3 LED lamp 
 
A LED lamp is a light-emitting diode (LED) product that is assembled into a lamp 
(or light bulb) for use in lighting fixtures. LED lamps have a lifespan and electrical 
efficiency that is several times better than incandescent lamps, and significantly 
better than most fluorescent lamps, with some chips able to emit more than 100 
lumens per watt. 
Like incandescent lamps and unlike most fluorescent lamps (e.g. tubes and 
CFL), LED lights come to full brightness without need for a warm-up time; the life 
of fluorescent lighting is also reduced by frequent switching on and off. Initial cost of 
LED is usually higher. LED chips need controlled direct current (DC) electrical 
power; an appropriate power supply is needed. LEDs are adversely affected by high 
temperature, so LED lamps typically include heat dissipation elements such as heat 
sinks and cooling fins. 
 
 
 
 
Figure 2.7: Examples of LED lamp for Street Lighting Application 
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2.2.4 Charge controller 
 
Charge controllers are used to control the charging of the batteries. Since the output 
from the solar panels are variable and needs adjustments, charge controllers fetches 
the variable voltage/current from solar panels, condition it to suit the safety of the 
batteries. The main functions of charge controllers are to prevent over-charging of 
batteries from solar panels, over-discharging of batteries to the load and to control 
the functionalities of the load. 
Charge controllers are basically DC-DC converters, where PWM technique 
(preferred scheme) is used to regulate the switches of the controller. There are three 
general types of charge controller, mainly: 
(i) Simple ON/OFF Controller 
(ii) Pulse Width Modulated (PWM) Controller 
(iii) Maximum Power Point Tracking (MPPT) Controller 
Most charge controllers operate at three stages to complete the charging cycle 
of the batteries. These stages vary according to different times and battery voltages. 
PWM can be employed to control the charging at the stages (see Figure 2.8): 
(i) BULK stage 
(ii) ABSORPTION stage 
(iii) FLOAT stage 
 
Figure 2.8: Three Stage Charging [5] 
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a) Typical Charge Controller b) MPPT Type Charge Controller 
 
Figure 2.9: Examples of Charge Controllers 
  
2.2.5 Lighting measurement theory 
 
Theories on light measurement such as Luminous Flux, Illuminance and Luminous 
Efficacy are presented in this section. 
 
(i) Lumens – Luminous Flux 
 
The lumen is the SI derived unit of luminous flux, a measure of the total “amount” of 
visible light emitted by a source. The Lumen is defined in relation to the candela as: 
 1 lm = 1 cd·sr                                                       (2.1) 
 A full sphere has a solid angle of 4·pi steradians, so a light source that 
uniformly radiates one candela in all directions has a total lumens of  
   1 cd·4pi sr = 4pi cd·sr ≈ 12.57 lumens                      (2.2) 
 
(ii) Illuminance - Lux [15] 
 
Illuminance is a mesure of how much luminous flux (lumens) is spread over a given 
area. Luminous flux (lumen) can be said as a measure of the total “amount” of 
visible light present, and the illuminance as a measure of the intensity of illumination 
on a surface. A given amount of light will illuminate a surface more dimly if it is 
spread over a larger area, so illuminance (lux) is inversely proportional to are when 
luminous flux (lumens) is held constant. 
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One lux is equal to one lumen per square meter: 
1 lx = 1 lm/m2 = 1 cd·sr/m2                                       (2.3) 
 
(iii) Luminous Efficacy [15] 
 
Luminous Efficacy is a measure of how well a light source produces visible light. In 
the SI, it has units of lumens per watt (lm/W). Luminous Efficacy of radiation 
measures the fraction of electromagnetic power which is useful for lighting.  
 
2.2.6 Key Equations 
 
(i) Lumens to Lux [15] 
The illuminance Ev in lux (lx) is equal to the luminous flux ΦV in lumens (lm) 
divided by the surface area A in square meters (m2): 
Ev(lx) = ΦV(lm) / A(m2)                                      (2.4) 
The illuminance Ev in lux (lx) is equal to the luminous flux ΦV in lumens (lm) 
divided by 4 times pi times the squared sphere radius r in meters (m): 
Ev(lx) = ΦV(lm) / (4·pi·r 2(m2))                          (2.5) 
(ii) Power to Lumens [15] 
The luminous flux ΦV in lumens (lm) is equal to the power P in watts (W), times the 
luminous efficacy η in lumens per watt (lm/W): 
ΦV(lm) = P(W) × η(lm/W)                                   (2.6) 
(iii) Power to Lux [15] 
Illuminance Ev in lux (lx) is equal to the power P in watts (W), times the luminous 
efficacy η in lumens per watt (lm/W) divided by the surface area A in square meters 
(m2): 
Ev(lx) = P(W) × η(lm/W) / A(m2)                         (2.7) 
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2.3 Description of previous methods 
 
2.3.1 Method on using LED in solar powered street light 
 
References from [1], [2], [9], [10], [11], [13], shows the significant use of LED as the 
lighting component for Solar Powered Street light. This is due to the emergence of 
new technology in LED driver where more efficient LED modules are able to 
perform on-par or better than conventional HID or HPS lamps. In [1] & [2], it 
discusses the design of solar powered street lights using conventional method. There 
is no “intelligent” scheme being used or an optimization method of approach in the 
design. The only energy-efficient component is the use of LED lamps which is a low 
powered load compared to the conventional HID or HPS lamps 
 
2.3.2 Utilising sensors to obtain energy-efficient solar powered street lights 
In references [9], [13], & [14], optimized solar powered street lights are obtained 
using sensors. Sensors such as Ultrasonic sensors, IR Sensors and LDR sensors are 
used to control the LED lamp functionalities in order to achieve a more energy 
efficient system. 
Figure 2.10, it shows a solar power management system utilising mulit-sensor 
system to control the light intensity of the LED. A microcontroller was used to 
control the charging of the battery, the temperature compensation and also the multi-
sensor system. 
 
 
 
 
 
 
 
 
Figure 2.10: Configuration of Solar Power Management System [11] 
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A study was done at Ghana where in Table 2.1, the initial cost for Solar-
Powered LED Lamp Streetlight was actually higher than Mercury Vapor Lamp 
Streetlight (Conventional type). However, the payback period for the system is only 
2.44 years and the Lifetime Maintenance Savings (20 years) is GH¢ 2,350,037.00. 
 
Table 2.1: Initial Installation Cost for Solar-Powered LED Streetlight System[11] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3.3 Designing and simulation of systems using HOMER Energy 
 
HOMER is a computer simulation software that models and compares micropower 
systems to aid in the development of cost effective micro-grids. A micropower 
system is an electrical generation system that serves a specific load. It may draw 
power from a grid, or it may be an autonomous power system. HOMER models a 
power system’s physical behavior and incorporates life cycle cost (i.e., costs of 
purchase, replacement, installation and maintenance) to delineate  performance and 
cost metrics to aid the decision making process. 
References from [6], [7], [8] show the significant use of HOMER as a tool to 
design an optimized system. Most computer simulation softwares including HOMER 
rely on user input of the load pattern. The references use conventional methods of 
predicting the load pattern. 
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It is hoped, that by using sensors, new load pattern are obtained and can be 
used in the HOMER Energy software to re-simulate and re-design a more energy-
efficient LED based Solar Powered Street Light System. 
 
 
Figure 2.11: Typical Set-Up in HOMER Energy Software 
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CHAPTER 3 
 
 
 
METHODOLOGY  
 
 
 
3.1 Project methodology 
 
This research is adopting methods approach involving studying carefully the load 
requirement for Kg. Gentisan’s Masjid Solar Powered Street Light. By adopting 
sensors to sense the movements by humans or other large object, the light intensity of 
the LED lamp is adjusted. This will make the system more energy-efficient and also 
reduce the cost of the street lights. The research is conducting in phase’s basis as 
follows:  
 
3.1.1 Literature reviews on previous works in LED technology, standalone solar 
powered systems and automatic control in street lights 
(i) To discover the new ways to reduce cost installing an LED solar powered 
 street light system. 
(ii) To study the different methods of designing energy-efficient LED solar 
powered street light system. 
 
3.1.2  Load pattern gathering 
 
   
  
 
 
Figure 3.1: Load Pattern Gathering Method 
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3.1.3  Design and simulation of system 
(i) Device an algorithm for predicting a new load pattern 
(ii) Based on the new load pattern, design requirements for solar panel, batteries 
and charge controllers are made 
(iii) Design of the control circuit for the LED dimming effect 
(iv) Simulation of new LED Solar Powered Street Light System using HOMER 
Energy 
 
3.1.4  Analysis of new design and simulation 
(i) To analyse how much energy-efficient is the system compared to the current 
street light system 
(ii) To analyse cost savings of the new system compared to the current street light 
system 
 
3.2 Design of solar powered LED street light system 
 
The design of a Solar Powered LED Street Light System is basically the same as 
design for an off-grid solar power system (see Figure 3.2). Here the PV array is used 
to convert sunlight energy to electrical energy in Direct Current (DC) mode. 
Monocrystalline type solar panel is the best choice because of its higher efficiency 
and also higher watt/m2, which is smaller and lighter compared to polycrystalline.  
 
Figure 3.2: Block Diagram of a Cost Effective Solar Powered LED Street Light 
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Solar Charger is used to control the charging of the battery bank. The battery 
bank is used to store the electrical energy provided by the PV array, as well as 
supplying the electrical energy to the load when there is insufficient sunlight for the 
PV array to generate electricity for the system. 
LED Controller plays an important role in this design. Utilizing a PIR Motion 
Sensor, it controls the light intensity of the LED lamp when there is motion near the 
structure. When there is no signal from the sensor, the LED lamp will be dimmed at 
70% of its light intensity. When the motion sensor senses movement, it will cause the 
controller to increase the light intensity of the LED lamp to 100% with a timer of 
10s.  Lastly, LED lamp is the load for the system. LED lamp is chosen compared to 
other types such as vapor or halide because of its low power consumption and higher 
lifespan. 
 
3.3 Determining the load pattern 
 
The first process in the design of the system is to find the load pattern of the system. 
For this application, the LED Solar Street Light is designed for Masjid Nurul Huda at 
Kampung Gentisan located at Sepanggar, Kota Kinabalu. To determine the load 
pattern, a motion sensor was installed on the existing solar street light at the height of 
3 meters. The motion sensor captures the movement around the area and is saved in 
an SD card. The motion sensor senses movements up to 5m for a 120 degree width. 
This is shown in Figure 3a). The motion sensor used is a Passive Infrared (PIR) type 
with Pet Immunity. The Pet Immunity feature provides quality detection by ignoring 
pets (animals) weighing up to 25kg. More specification can be found in the 
Appendix where the data sheet is located. 
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a) 
b) 
 
Figure 3.3: a) Motion Sensor Range b) Placement of Motion Sensor on Street Light 
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The motion sensor data was captured from 1 April 2014 to 30 April 2014, 
totaling 30 days. Every day during the day, the data was transferred from the SD card 
to a laptop to enable data processing.  
Table 3.1 shows the sample of data recording of the motion sensor. ”TIME 
START” is the time when the motion sensor detects movement, while “TIME END” 
is the time when the motion sensor stops sensing movement around the area. The last 
column, “TOTAL TIME” shows the total time between the time start and stop which 
indicates the total time there are movement around the area. These results are still 
raw and needs to be processed based on the proposed algorithm for the controller of 
the LED lamp. 
 
Table 3.1: Sample of Raw Data from Motion Sensor 
 
 
 
 
 
 
DATE TIME START TIME STOP SENSOR TOTAL TIME 
01/04/14 18:05:11 18:05:16 MOTION SENSOR 00:00:05 
01/04/14 18:07:07 18:07:15 MOTION SENSOR 00:00:08 
01/04/14 18:07:25 18:07:31 MOTION SENSOR 00:00:06 
01/04/14 18:08:00 18:08:31 MOTION SENSOR 00:00:31 
01/04/14 18:08:45 18:09:02 MOTION SENSOR 00:00:17 
01/04/14 18:09:45 18:09:51 MOTION SENSOR 00:00:06 
01/04/14 18:10:10 18:10:16 MOTION SENSOR 00:00:06 
01/04/14 18:11:01 18:11:15 MOTION SENSOR 00:00:14 
01/04/14 18:11:35 18:11:45 MOTION SENSOR 00:00:10 
01/04/14 18:12:10 18:12:35 MOTION SENSOR 00:00:25 
01/04/14 18:13:30 18:13:47 MOTION SENSOR 00:00:17 
01/04/14 18:14:23 18:14:29 MOTION SENSOR 00:00:06 
01/04/14 18:14:40 18:14:48 MOTION SENSOR 00:00:08 
01/04/14 18:15:02 18:15:30 MOTION SENSOR 00:00:28 
01/04/14 18:16:00 18:16:06 MOTION SENSOR 00:00:06 
01/04/14 18:16:10 18:16:18 MOTION SENSOR 00:00:08 
01/04/14 18:16:40 18:16:57 MOTION SENSOR 00:00:17 
01/04/14 18:17:10 18:17:17 MOTION SENSOR 00:00:07 
01/04/14 18:17:25 18:17:50 MOTION SENSOR 00:00:25 
01/04/14 18:18:39 18:18:47 MOTION SENSOR 00:00:08 
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3.4 Algorithm for LED Lamp Controller 
 
Figure 3.4 shows the proposed algorithm for controlling the light intensity of the 
LED Lamp. The algorithm starts by checking the real time clock. If the real time is 
between 0600 and 1800 (during daytime), the LED lamp will be in OFF state. Once 
the time is between 1800 and 0600 (at night time), the algorithm starts with checking 
the motion sensor input. If there is no input from the motion sensor, the LED lamp 
will be at ON state, but its light intensity only at 70% or 14W. Once there is an input 
from the motion sensor, the LED lamp will be at ON state at 100% or 20W. At this 
point a timer will start counting from 0s to 10s. In between the 10 seconds, if there is 
input from the motion sensor, the timer will reset to 0 seconds and the LED lamp will 
continue to light at 100%. The loop goes on until there is no input from the motion 
sensor within the 10 seconds timer. After 10 seconds, the LED lamp will decrease its 
light intensity back to 70% or 14W.  
 
 
Figure 3.4: Proposed Algorithm for LED Controller 
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3.5 Motion Sensor Data Processing based on Proposed Algorithm 
 
In order to obtain the new load profile for the LED lamp, we need to process the data 
from the motion sensor based on the proposed algorithm presented earlier. All thirty 
days of data needs to be processed then added up to get the average time per month. 
This average time is the time when there are movements around the street light 
which requires its LED lamp to light up at 100%. The remaining hours are the time 
when the LED lamp lights up at 70% only. 
Table 3.2 shows additional columns “ADDITIONAL TIME”, “NEW TIME 
END” and “NEW TOTAL TIME”. Column “ADDITIONAL TIME” adds 10 
seconds to the total time following the proposed algorithm. “NEW TIME END” 
shows the new end time after 10 seconds addition while “NEW TOTAL TIME” is 
the previous total time added with the 10 seconds timer. 
 
Table 3.2: Motion Sensor Data Processing (add 10 seconds to TIME END) 
 
 
DATE TIME START 
TIME 
END 
ADDITIONAL 
TIME NEW TIME END 
NEW TOTAL 
TIME 
01/04/14 18:05:11 18:05:16 00:00:10 18:05:26 00:00:15 
01/04/14 18:07:07 18:07:15 00:00:10 18:07:25 00:00:18 
01/04/14 18:07:25 18:07:31 00:00:10 18:07:41 00:00:16 
01/04/14 18:08:00 18:08:31 00:00:10 18:08:41 00:00:41 
01/04/14 18:08:45 18:09:02 00:00:10 18:09:12 00:00:27 
01/04/14 18:09:45 18:09:51 00:00:10 18:10:01 00:00:16 
01/04/14 18:10:10 18:10:16 00:00:10 18:10:26 00:00:16 
01/04/14 18:11:01 18:11:15 00:00:10 18:11:25 00:00:24 
01/04/14 18:11:35 18:11:45 00:00:10 18:11:55 00:00:20 
01/04/14 18:12:10 18:12:35 00:00:10 18:12:45 00:00:35 
01/04/14 18:13:30 18:13:47 00:00:10 18:13:57 00:00:27 
01/04/14 18:14:23 18:14:29 00:00:10 18:14:39 00:00:16 
01/04/14 18:14:40 18:14:48 00:00:10 18:14:58 00:00:18 
01/04/14 18:15:02 18:15:30 00:00:10 18:15:40 00:00:38 
01/04/14 18:16:00 18:16:06 00:00:10 18:16:16 00:00:16 
01/04/14 18:16:10 18:16:18 00:00:10 18:16:28 00:00:18 
01/04/14 18:16:40 18:16:57 00:00:10 18:17:07 00:00:27 
01/04/14 18:17:10 18:17:17 00:00:10 18:17:27 00:00:17 
01/04/14 18:17:25 18:17:50 00:00:10 18:18:00 00:00:35 
01/04/14 18:18:39 18:18:47 00:00:10 18:18:57 00:00:18 
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Table 3.3 shows column “TIME DIFFERENCE”. Here it is the difference 
between the Time Start of the motion sensor and the previous Time End of the 
motion sensor. From the sample below, there are eight instances (row highlighted 
yellow) where the Time Difference is 10s and below or already 
overlapping(########). Overlapping happens because of the addition of 10s in the 
previous table, where the TIME START has passed the previous TIME END. Here 
from the algorithm, the LED light should still continue to light at 100% because of 
the Timer count. Now, for the row where its time difference is less than or equal to 
10s, the NEW TIME END value is brought up to the previous row’s NEW TIME 
END. The highlighted row then is removed. Same goes for the row with time 
difference “#######”, its NEW TIME END value is brought up to the previous row 
and the highlighted row is removed from the table. 
 
Table 3.3: Motion Sensor Data Processing (with TIME DIFFERENCE) 
 
 DATE 
TIME 
START 
NEW TIME 
END 
NEW TOTAL 
TIME 
TIME 
DIFFERENCE 
01/04/14 18:05:11 18:05:26 00:00:15 
01/04/14 18:07:07 18:07:25 00:00:18 00:01:41 
01/04/14 18:07:25 18:07:41 00:00:16 00:00:00 
01/04/14 18:08:00 18:08:41 00:00:41 00:00:19 
01/04/14 18:08:45 18:09:12 00:00:27 00:00:04 
01/04/14 18:09:45 18:10:01 00:00:16 00:00:33 
01/04/14 18:10:10 18:10:26 00:00:16 00:00:09 
01/04/14 18:11:01 18:11:25 00:00:24 00:00:35 
01/04/14 18:11:35 18:11:55 00:00:20 00:00:10 
01/04/14 18:12:10 18:12:45 00:00:35 00:00:15 
01/04/14 18:13:30 18:13:57 00:00:27 00:00:45 
01/04/14 18:14:23 18:14:39 00:00:16 00:00:26 
01/04/14 18:14:40 18:14:58 00:00:18 00:00:01 
01/04/14 18:15:02 18:15:40 00:00:38 00:00:04 
01/04/14 18:16:00 18:16:16 00:00:16 00:00:20 
01/04/14 18:16:10 18:16:28 00:00:18 ################ 
01/04/14 18:16:40 18:17:07 00:00:27 00:00:12 
01/04/14 18:17:10 18:17:27 00:00:17 00:00:03 
01/04/14 18:17:25 18:18:00 00:00:35 ################ 
01/04/14 18:18:39 18:18:57 00:00:18 00:00:39 
 
Table 3.4 shows the data process being completed. Note that the column TIME 
DIFFERENCE, there is no time less or equal than 10 seconds.  
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